This study was conducted to characterize, classify and evaluate fertility of soils of Mvumi Village, Kilosa District, Tanzania. Representative soil profile of the colluvio-alluvial plain covering Mvumi Village was identified, dug, described and sampled using FAO Guidelines. Four samples from genetic horizons and eight surface samples from eight farms were taken for pedological characterization and soil fertility evaluation respectively. Results on pedon morphology revealed very deep and moderately well drained to somewhat poorly drained profile with very dark grey clays and granular topsoil structure over weak coarse wedge-shaped subsoil structure. The pedon was classified as Ustic Endoaquerts and Haplic Vertisols respectively in USDA Soil Taxonomy and WRB for Soil Resources. Shrinking and swelling, and pedoturbation were typical pedogenic processes. Low pedon Ca/Mg ratios indicate nutrient imbalance likely to limit uptake of Mg by plants. Very high Mg/K ratios can also lead to nutrient imbalance and toxicity. All sampled farm sites had clayey texture and pH ranging from 5.2 to 7.4. OC (0.53 -1.75 %) was low in all sites. N (0.06 -0.19%), P (1.54 -5.79 mg P kg -1 ) and K (0.12 -0.40 cmol (+) kg -1 ) were deficient whereas micronutrients were adequate in all sites except for Zn (0.35 -1.57 mg kg -1 ) which was low. CEC was rated as medium (15.2 to 21.6 cmol (+)/kg). Based on landform features and soil properties of both pedon and surface samples, soils of Mvumi were recommended for paddy rice as one of major crops. Prudent fertilizer use is deemed necessary to address possible deficiency and imbalance of some nutrient elements.
Introduction
A proper choice of soil and water management strategies is important in improving agricultural production. Thorough understanding of the type and fertility status of soil helps in choosing the appropriate soil and water management systems (Karuma et al., 2014) . Thus, soil and related land resources inventory and characterization are basic in guiding and enabling forecast of land use potential and management requirements for sustained agricultural production . Pedological characterization provides valuable information and knowledge on soil characteristics and gives clear understanding on soil genesis, morphology, classification and spatial distribution of soils in an area (Kebeney et al., 2015) . The types and amount of fertilizers to be applied for economic and sustainable crop production depend on knowledge about the soil . The information on type of soil is obtained through detailed biophysical characterization of the soils (Msanya et al., 2003) including laboratory analysis of chemical and physical properties of the soil which helps to understand the fertility status of the soil.
Mvumi Village in Kilosa District is known for its importance as far as agriculture is concerned. The smallholder farmers in this area depend on pastoralism, rice and maize production for their livelihood. All these activities depend on soil and related land resources. It is therefore important to study and characterize the soils of this area so as to generate information that will guide proper and sustainable soil and water management.
There have been number of studies that were carried out in Morogoro Region to characterize the soils of this region (Msanya et al., 2001; Msanya et al., 2003) . The information that was obtained in these studies was centred in other specific areas and cannot be used in forecasting the potential and limitations of soils of Mvumi Village. Therefore the current study was undertaken specifically at Mvumi Village, Kilosa District in Tanzania with the aim of generating the soil information needed for soil and water management in the study area, thereby improving agricultural production. The specific objectives of this study were: (i) to carry out pedological characterization of soils of Mvumi Village where paddy is grown (ii) to classify the soils of Mvumi Village by using the 'United States Department of Agriculture (USDA) Soil Taxonomy' and the 'World Reference Base for Soil Resources' scheme of classification and (iii) to carry out soil fertility evaluation of the soils of Mvumi Village for paddy rice production.
Materials and methods

Description of the study area
The centre of Mvumi Village lies at latitude06° 35' 48.9'' South and longitude 37° 13' 31.5'' East with elevation of 413 m above sea level. The study site is located about 46 km from Dumila Town. The soil parent material at the site is alluvium derived from Gongwe Mountains. The site has a slope gradient of 0.5%. When dry, the surface is characterized by wide deep cracks extending from surface to more than 50 cm depth implying the dominance of 2:1 silicate clays in the soils. No erosion signs were observed in the area but deposition occurs due to flooding during the rainy season. The soils are moderately well drained to somewhat poorly drained.
The climate of the area is characterized by a largely monomodal rainfall pattern consisting of a warm rainy season from October to May with its peak in April (Fig. 1) . Annual rainfall ranges from 532.4 mm to 1536.8 mm. Very little rain occurs from June to October. During the rainy period of six months (December till May), 80% of the mean annual precipitation occurs, with moderate reduction of rainfall in February. The maximum temperature varies between 29.2°C to 31.8°C and minimum temperature ranges between 20°C to 24.2°C (Fig. 2) . Agricultural activities in the study area are dominated by rice cultivation which is grown both as a food and cash crop. 
Pedological characterization and soil sampling
Reconnaissance survey was conducted by using transect walks, auger observation and description to establish representative study sites on the basis of landforms and other physiographic attributes. A soil pit was dug measuring 3 m wide, 5 m in long and 2 m deep, and was described according to the standard guidelines by FAO (2006) . Geo-referencing of the profile was done using Garmin Global Positioning System (Model etrex 20). Soil color was determined using Munsell Color Charts (Munsell Color Company, 1992) .Penetration resistance of each identified horizon was measured using Japanese Penetrometer Model DKI-5551 of Daiki Rika Kogyo Company. The following formula was used to calculate penetration resistance in kg cm -2 :
Penetration resistance (kg cm -2 ) = (100*X)/0.7952(40-X) 2 Where, X = mm of Penetrometer reading Data were entered onto field description forms designed following the FAO Guidelines for Soil Description (FAO, 2006) and samples (disturbed) from each genetic horizon (weighing 1 kg) were collected. Undisturbed 100 cc core samples were collected from three sections of the profile (i.e. 0 -5 cm, 45 -50 cm and 95 -100 cm).Soil samples were carried to the Department of Soil and Geological Sciences Laboratory of Sokoine University of Agriculture for analysis to generate data required for general pedological characterization soil classification.
Soil sampling for fertility evaluation
Using soil auger, eight surface (0 -30 cm depth) samples from eight rice farms (four from the farms inside the irrigation scheme and four from farms outside the irrigation scheme) were collected from four sampling spots in each farm. The four sub-samples collected from sampling spots in each farm were mixed and quartered to obtain representative composite samples of 1 kg for laboratory analysis. The samples were also carried to the Department of Soil and Geological Sciences Laboratory for analysis,
Soil analysis for pedological characterization and fertility evaluation
Disturbed profile and fertility soil samples from the field were first dried and ground to pass through 2 mm sieve to obtain fine earth fractions. Sieved samples were labelled and packed for analysis of various soil physical and chemical characteristics.
Undisturbed core samples were used for determination of bulk density (BD) and soil moisture retention characteristics. Bulk density was measured using gravimetric method by weighing soil cores after drying to constant weight at 105ºC (Blake and Hartge, 1986) . Disturbed soil samples were used for determination of other physical and chemical properties. Particle size analysis was determined by hydrometer method (Day, 1965) after dispersion with 5% sodium hexametaphosphate and textural classes were determined using the USDA textural class triangle (USDA Soil Taxonomy, 1975) .
Soil pH was measured potentiometrically in water and in 1 N KCl at the ratio of 1:2.5 soil:water and soil:KCl (McLean, 1986) , respectively. Organic carbon (OC) was determined by the Walkley and Black wet oxidation method as described by Nelson and Sommers (1982) and organic matter (OM) was determined by multiplying by a factor of 1.724 values of organic carbon obtained (Duursma and Dawson, 1981) .
Total N was determined using micro-Kjeldahl digestiondistillation method as described by Moberg (2000) . Available phosphorus was determined using filtrates extracted by Bray and Kurtz-1 method and determined by spectrophotometer at 884 nm wavelength following colour developed by molybdenum blue method (Bray and Kurtz, 1945) . Extractable S was analyzed using turbidimetric method as described by Moberg (2000) . Cation exchange capacity of soil (CEC soil ) and exchangeable bases were determined by saturating soil with neutral 1 M NH 4 OAc (ammonium acetate) and adsorbed NH 4 + were displaced using 1 M KCl and then determined by Kjeldahl distillation method for estimation of CEC of soil. Exchangeable bases (Ca 2+ , Mg 2+ , Na + and K + ) were measured by atomic absorption spectrophotometer (AAS) (Thomas, 1982) . Total exchangeable bases (TEB) were calculated as sum of exchangeable bases Ca 2+ , Mg 2+ , K + and Na + . DTPA extractable micronutrients (Zn, Mn, Fe and Cu) were determined using procedure described by Lindsay and Norvell (1978) . Total elemental composition (oxides) was determined as follows: Samples were ground to particle size ≤ 177 μm using swing mill pulverizer. Powdered samples were pressed into XRF sample cups and mounted with PANalytical B.V. X-Ray filmpolyester PETP (Polyethylene Terephthalate Polyester), and then elemental oxides were measured by PANalytical, Minipal 4 Energy Dispersive X-Ray Fluorescence Spectrometer (ED-XRF) Model PW4030/45B.
Soil classification
Using field and laboratory analytical data on Mvumi pedon, soil classification was done using USDA Soil Taxonomy (Soil Survey Staff, 2014) and World Reference Base for Soil Resources (IUSS Working Group WRB, 2015).
Results and discussion
Soil morphological characteristics
Key morphological properties of studied pedon are summarized in Table 1 . The pedon was very deep (>150cm) and moderately well drained to somewhat poorly drained (FAO, 2006) . It had very dark grey clays, with strong granular topsoil over weak coarse angular and wedge-shaped subsoil. Soil horizon boundaries were clear with smooth horizon topography. Soil pores were common and well distributed within the profile. Roots were distributed throughout profile depth with abundance decreasing with increasing depth. Key pedogenic features described in the pedon are the very well developed slickensides, very deep wide cracks and the wedge-shaped structural aggregates all of which affirming that the soil is rich in swelling type of silicate clay minerals typical of Vertisols. Hence, the dominant pedogenic processes responsible for pedogenesis in the study area are shrinking and swelling, and pedoturbation.
Physical characteristics
Soil moisture characteristic curves
Soil moisture retention characteristics of Mvumi pedon are presented in Fig.3 . The curves show that, there is gradual decrease in moisture as suction potential increases in all horizons. The lower horizon retained more water followed by mid horizon and upper horizon. Soil moisture characteristic curves are strongly affected by soil texture. When clay content increases, ability of soil to retain water increases at any particular matric potential and the more gradual is the slope of the curves (Hillel, 2007) . Thus lower water retention in upper horizon is contributed by its relatively higher sand content and lower clay content (Table 2) . 
Soil texture
Results of particle size distribution of studied pedon are shown in Table 2 . The pedon had clayey texture throughout its profile depth. Clay content generally increased with depth. The surface horizon (Ap) had the least amount of clay and highest content of sand. Horizons BA and Bwg had same amount of clay which was higher than in the topsoil. The lowermost horizon (BCkg) had slightly lower clay content than the mid horizons (BA and Bwg) but higher than in the topsoil. The generally high clay content throughout the pedon is very important as far as paddy rice cultivation is concerned because it helps to minimize percolation of water (Smith and Dilday, 2003) .
Bulk density and soil moisture content
Bulk density (BD) values of studied pedon are shown in Table 2 . According to Hazelton and Murphy (2007) , the topsoil BD is rated as medium while the subsoil BD is high. Bulk density is important physical properties of soils which is used as a measure of soil compactness and hence root penetration, soil structure and soil aeration.
According to Hazelton and Murphy (2007) topsoil is rated as being somehow too compacted but the values are below the critical value of 1.4 g cm -3 for root growth. Thus, root penetration is not restricted in this horizon whereas mid horizons are highly compacted and are above the critical value for root growth implying that root penetration is highly restricted in these horizons. 
Penetration resistance
Penetration resistance of the four horizons of the studied pedon is presented in as extremely dense. According to this classification the topsoil and lowermost horizons are loose consolidated and do not affect root growth whereas the mid horizons are extremely dense and root growth in these horizons ceases. These results support the results of bulk density in section 4.1.2.3 which indicated that the upper horizon is not much compacted like the mid horizons. For example Kebeney et al. (2015) reported low penetration resistance in top soils which was attributed to low bulk density and reduced metric potential.
Chemical properties
Soil pH
Results of soil pH in water and in KCl of the studied Mvumi pedon are presented in Table 3 . The pH of this pedon increases down the profile was an acidic upper horizon and alkaline lower horizon. Low pH in the upper horizon than in the lower horizon is due to low amount of bases in upper horizon than in lower horizon as shown in Table 5 . This situation might have been caused by leaching of the bases (Ca, Mg, K, and Na) down the profile hence reducing its amount in upper horizon. Soil organic carbon, total nitrogen and C:N ratio
Results on organic carbon and organic matter of the studied pedon are presented in Table 3 . There is a decrease in organic matter and organic carbon with increase in depth. The topsoil had high organic carbon and organic matter than mid and lower horizons. Total nitrogen in the studied pedon ranged from 0.07 to 0.25 % in lower and upper horizon respectively. According to Landon (1991) , this range of N is rated as low. Low nitrogen in this pedon could be due to low organic matter content. It was further observed that, like organic carbon, N was decreasing with increasing depth with higher values in upper horizon than lower horizons.
Higher organic matter and nitrogen in upper horizon than in mid and lower horizons could have been contributed by anthropogenic activities where farmers tend to leave rice straw in the farms after harvesting and application of nitrogenous fertilizers such as urea enriches the soil with nitrogen.
Available phosphorus
Results on available phosphorus of the studied pedon are presented in Table 3 . It was observed that available phosphorus ranged from 0.001 to 4.28 mg kg -1 . According to Landon (1991) categorization of P in soils, the studied pedon had very low available P in all horizons. Also it was observed that the amount of available P decreases with increasing profile depth. Decrease in P with depth can be due to decrease in organic matter content with depth. Organic matter plays a key role in P availability due to its ability to coat aluminium and iron oxides, which reduces P sorption (Debicka et al., 2015) .
Extractable sulphur
Sulphur content of the studied pedon ranged from 12.99 to 37.76 mg S kg -1 (Table 3 ). The content of Sulphur varied among the horizons of the studied pedon with the trend BA<Ap<Bwg<BCgk. According to Horneck (2011) classification of sulphur in soil, Ap and BA horizons had medium sulphur content whereas Bwg and BCgk had high sulphur content.
Exchangeable bases and cation exchange capacity (CEC)
Amounts of exchangeable bases (Ca, Mg, K, and Na), total exchangeable bases (TEB) and base saturation percent (BS %) of studied pedon is presented in Table 4 . Ca, Mg and Na were increasing with depth while K was decreasing. Increase of Ca, Mg and Na with depth could be due to the leaching of these bases hence concentrating them in the lower horizons. Also TEB and BS% increased with depth with highest values in Bwg. Leaching of bases is the likely explanation for this scenario. BS% in the studied pedon ranged from 50.2 to 95.3%. BS% is an indicator of extent of leaching of bases. According to Metson (1961) the Ap horizon is moderately leached, whereas BA, Bwg and BCgk are very weakly leached.
Cation exchange capacity (CEC) of the studied pedon ranged from 38 cmol (+) kg -1 to 40.92 cmol (+) kg -1 (Table 4 ). According to Metson (1961) rating of CEC, all horizons have high CEC. High CEC is due to high clay content in this pedon. CEC clay of the four horizons are shown in Table 4 . CEC clay is used as a rough guide to clay mineralogy. According to Shaw et al. (1998) all the horizons of studied pedon have clay mineralogy dominated by smectite which is a 2:1 silicate clay mineral.
Soil micronutrients
Four important micronutrients namely Cu, Mn, Fe and Zn were analyzed and the results are presented in Table  4 . Cu ranged from 1.86 to 6.69 mg kg -1 , Mn ranged from 2.57 to 26.91 mg kg -1 , Fe ranged from 10.99 to 398.98 mg kg -1 and Zn ranged from 0.13 to 2.02 mg kg -1 . According to Landon (1991) rating of micronutrients, Cu, Mn and Fe were high in all horizons, whereas Zn was low. Low Zn in this pedon might have been contributed by the flooded conditions which tend to reduce Zn solubility (Smith and Dilday, 2003) . It was further noted that Cu, Mn and Fe decreased with increasing depth. The decrease of these micronutrients could be due to the increasing soil pH. Fe becomes more available in low pH soils and decrease when soil becomes alkaline. Cu and Mn are more available at pH of 5 to 6.5 and decrease when pH is below 5 or above 6.5.
Soil nutrient balance
Nutrient ratios (Ca/TEB, Ca/Mg, Mg/K and % K/TEB) of each horizon of the studied pedon are presented in Table 5 . Ca/Mg ratio ranged from 0.88 to 1.39 and Mg/K ratio ranged from 17.66 to 79.09. According to Msanya et al. (2001) , the Ca/Mg ratio ranges of 2 to 4 and Mg/K in the range of 1 to 4 are considered favourable for most crops. According to this rating it is observed in this profile that, Ca/Mg ratio is below the optimum range in all horizons while the Mg/K ratio is above the optimum range in all horizons. Low ratio of Ca/Mg observed in this pedon can limit the uptake of Mg by plants. Mg/K ratio in this profile are very high, this imply that Mg was very high and can lead to nutrient imbalance and toxicity. Percentage of K/TEB and Ca/TEB of the studied pedon ranged from 0.62% to 2.29% and from 0.45 to 0.56 respectively. Only the Ap horizon had the percentage K/TEB ratio above 2% which is favourable for most crops, other horizons had % K/TEB below 2%. According to Landon (1991) , Ca/TEB ratios in Ap and BA horizons will negatively affect uptake of other bases particularly Mg and K as they are above 0.5. Horizons Bwg and BCgk had favourable Ca/TEB ratios. 
Total elemental composition and chemical index of alteration
Results on total elemental composition and chemical index of alteration of the studied pedon are presented in Table 6 . SiO 2 was the most abundant oxide in this pedon followed by Fe 2 O 3 and Al 2 O 3 . Other oxides i.e. K 2 O, CaO, TiO 2 , MnO, P 2 O 5 , MgO and Na 2 O were in very low concentration i.e. below 4%.Higher concentration of SiO 2 in the pedon infers the dominance of quartz minerals in the area whereas the observed concentration of Fe 2 O 3 suggests the presence of Fe-containing minerals such as hematite and goethite. Chemical Index of Alteration (CIA) values of the studied pedon ranged from 78.52% to 84.30%. CIA is used as a measure of degree of weathering of minerals (Nesbitt and Young, 1982) . Low CIA values indicate low weathering or unaltered minerals whereas high values indicated high degree of weathering. CIA values helps to predict the age of formation of soil, the smaller the CIA value, the younger the soils are in terms of degree of weathering and age of formation (Uwitonze et al., 2016) . Therefore, the results of this study shows that the upper horizon (Ap) is less weathered compared to other horizons while horizon Bwg is highly weathered.
Soil classification
Classification of the soils of the studied area was done based on the diagnostic horizons and other diagnostic features of the studied pedon as summarized in Table 7 . This pedon was located on a flat area (slope < 1%), and was characterized as moderately alkaline and very deep with clayey texture, deep wide cracks and wedge-shaped aggregates. Slickensides and gilgai micro-relief were observed in this pedon. According to USDA Soil Taxonomy this pedon has an Ochric epipedon and Calcic horizon whereas according to World Reference Base for Soil Resources (WRB) it has Vertic and Calcic horizon. Therefore, this pedon (Mvumi pedon), is classified as Ustic Endoaquerts and Haplic Vertisols (Hypereutric, Gilgaic, Gleyic, Mazic) in USDA Soil Taxonomy and WRB, respectively. According to Fageria (2014) , these soils are favourable for rice growth. Soil fertility status of rice growing areas in Mvumi Village based on topsoil data
Soil texture
Soil particle size (texture) of the studied sites is shown in Table 8 . All sites had sandy clay texture except site S3 which had clay texture. These textural classes (sandy clay and clay) are favourable for growth of paddy rice as they have sufficient amount of clay that can hold water for long period of time as paddy rice demands soils which can retain moisture (Moormann and Breemen, 1978) . Sandy soils and coarser loamy soils are less productive for rice production when compared to finer textured soils. Moreover, more water and nutrients especially nitrogen are required for rice in sandy and coarser loamy soils than in finer textured soils, which makes the management more costly (Moormann and Breemen, 1978) .
Soil pH
Soil pH of the studied soils ranged from 5.2 to 7.4as shown in Table 8 . According to categorization of soil pH by Landon (1991) , these soils have low to high pH. This range of soil pH is suitable for rice growth as it is within the range of 5.0 -7.5 as reported by Smith and Dilday (2003) .Soil pH within the scheme is high compared to the areas outside the scheme. High soil pH of the scheme area could have been contributed by the quality of irrigation water. High pH irrigation water contributes to increased soil pH (Tacker, 2003) .
Organic carbon
Results on organic carbon and organic matter content of the studied soils are also presented in Table 8 . According to Landon (1991) , the amount of organic carbon in all sites is very low. Organic matter has an effect on the availability of nutrients such as nitrogen, phosphorus and CEC. Low organic matter content reduces the availability of these nutrients which are essential for plant growth.
Available phosphorus
Phosphorus is one of the essential nutrients for rice growth and productivity. Available phosphorus which is the phosphorus that can be accessed by plant was determined by two methods namely Bray-1 for acid soils and Olsen for alkaline soils. Bray-1 P ranged from 1.54 to 5.79 mg P kg -1 soil and was classified as very low to low. Whereas Olsen P ranged from 8.61 to 14.82 mg P kg -1 and these were classified as medium to high P concentration. Phosphorus was low in areas outside the scheme whereas it was high in areas within the scheme (Table 8) . Phosphorus is highly affected by pH. P availability decreases as soils become acidic and in calcareous soils (Tisdale et al., 1993) . Therefore, the high P observed within the scheme can be attributed to high pH in these areas.
Total nitrogen
Nitrogen is a problem in many cultivated areas. In the studied areas, nitrogen ranged from 0.06% to 0.19% (Table 8) . These values are classified as very low to low (Landon, 1991) . Low nitrogen in these areas could have been contributed by low organic matter content, continuous cultivation of rice in the area which does not permit accumulation of N as well as many chemical, biochemical and microbial transformation of N in the flooded soils (Smith and Dilday, 2003) . Therefore, there is need to apply nitrogenous fertilizers so as to facilitate growth and subsequently improve yield of rice in these areas.
Extractable sulphur
Sulphur content for the eight studied areas ranged from 15.92 to 31.52 mg S kg -1 (Table 8 ). Horneck (2011) classified sulphur as follows: 0 -5 mg kg -1 low, 5 -20 mg kg -1 medium and >20 mg kg -1 as high. In view of this, sulphur is not a big problem in the studied sites as it is high in six sites and medium in the remaining two sites.
Exchangeable bases
Calcium Calcium content of the tested soils is shown in Table 9 . Calcium ranged from 5.59 to 12.51 cmol (+) kg -1 , values that are rated as moderate to high calcium by Metson (1991) . It was observed that sites within the scheme have high calcium than the sites outside the scheme. This variation is due to difference in pH where inside the scheme there was high pH than in sites outside the scheme.
Magnesium
Exchangeable magnesium in the studied sites ranged from 3.67 to 8.63 cmol (+) kg -1 (Table9). Metson (1991) rated Mg as follows: 0.3-1 as low, 1-3 as moderate, 3-8 as high and >8 as very high. According to this rating all the studied sites had high Mg content.
Potassium
Results on exchangeable potassium in the studied soils are presented in Table 9 . According to Metson (1991) categorization of K all studied sites had low K content except site S2 which had moderate K. This shows that K is a problem in these areas and it should be applied so as to boost yield of rice. Uddin et al. (2013) reported an increase in plant height, number of tillers, size of panicles and yield of rice upon application of K.
Sodium
Amount of sodium in the studied soils varies from 0.10 to 0.37 cmol (+) kg -1 (Table 9 ). According to Metson (1991) , all soils had low sodium content. Soils with high amount of sodium are considered as alkaline or sodic soils and are not good for growth of crops as they are salt affected soils.
Cation exchange capacity (CEC)
CEC of the studied sites ranged from 15.2 to 23 cmol (+) kg -1 (Table 9 ). These are classified as medium according to Landon (1991) . CEC is highly affected by organic matter and clay content of the soil. Due to low organic matter of these soils the observed value of CEC comes mostly from the clay fraction. CEC is very important as it reflects the ability of the soil to hold nutrients. It is a very important soil property influencing soil structure stability, nutrient availability, soil pH and the soil's reaction to fertilizers and other ameliorants (Hazleton and Murphy, 2007) . 
Micronutrients
The amounts of micronutrients in the studied sites are given in Table 9 . According to Landon (1991) , all micronutrients are rated as very high in all sites except for Zn in areas within the irrigation scheme. Zn is observed to be lower in the scheme than in areas outside the scheme. Smith and Dilday (2003) reported that high pH reduces the availability of Zn in soils due to flooded condition which reduces Zn solubility, therefore low Zn content observed in irrigated areas could have been contributed by relatively high pH in these areas. Zn is very important in growth and yield of rice as it helps in cytochrome and nucleotide synthesis, auxin metabolism, chlorophyll production, enzyme activation and maintenance of membrane integrity (Dobermann and Fairhurts, 2000) . Considering the roles that Zn plays in growth and yield of rice, there is a need to apply Zn fertilizers such as zinc sulphate in these areas so as to supply zinc especially in the scheme where Zn was observed to be highly deficient.
Conclusions
The following conclusions were made from the results that were obtained from this study:
i. The studied soils are classified as Ustic Endoaquerts and Haplic Vertisols in USDA Soil Taxonomy and WRB respectively. These soil types have characteristics which favour the growth and productivity of paddy rice. ii.
Important nutrients for rice growth and productivity i.e. Nitrogen, Phosphorus and Potassium are deficient in all sampled fields. Micronutrients were adequate except for Zinc which is apparently low. Sites inside the scheme have higher soil pH and exchangeable bases than sites outside the scheme whereas P, Zn, N and organic carbon are higher in sites outside the scheme than inside the scheme.
Recommendation
Nitrogen, Phosphorus, Potassium, Sulphur and Zinc that were found to be deficient in the studied area need to be applied so as to improve rice productivity in Mvumi Village.
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